
PATENT SPECIFICATION 

702,143 

Date of Application and filing Complete Specification: Oct. //, 1950. 
No. 24875/50. 

Application made In Germany on Oct. 25, 1949. 
Complete Specification Published: Jan. 13, 1954. 



Index at acceptance :— Classes 2(3), C1E7K(3 : 8) ; and 2(5), R1C(6: 10: 
2:3). 

COMPLETE SPECIFICATION 



12: 13), R1P(1 j 



Cold-Hardening Compositions containing Phenol-Formaldehyde 
Condensation Products, and a process for making such 
Compositions 



10 



20 



We, Fabbwebke Hoechst Aktten- 
ge sells cm aft, yormals Meister, Lucius 
& Briining, a body corporate recognised 
under German law, of Frankfurt (M)- 
Hoechst, Germany, do hereby declare the 
invention, for which we pray that a 
patent may be granted to us, ana? ^he 
method by which it is to be performed, to 
be particularly described in and by the 
following statement : — 

The present invention relates to com- 
positions which are capable of hardening 
rapidly in the cold to yield chemically 
"resistant masses, and which contain 
15 phenol - formaldehyde condensation pro- 
ducts, and to a process for making such 
compositions. 

It has already been proposed to 
improve the chemical resistance of masses 
produced by the hardening of composi- 
tions capable of hardening rapidly in the 
cold and prepared from precondensed, 
liquid phenolaldehyde condensation pro- 
ducts and additions of neutral or acid 
25 hardeners and fillers, by the addition of 
neutral aliphatic esters of an inorganic 
acid having no hardening effect on the 
condensation product such for instance, 
as alkyl phosphates. For the same pur- 
pose, it has been proposed to add chlor- 
inated aliphatic alcohols, for instance, 
dichloropropanol, or halogenated ali- 
phatic or aromatic aldehydes or their 
hydrates. Aromatic esters of inorganic 
35 acids such, for instance, as arvl alkyl 
chlorides, also improve the chemical re- 
sistance but, in contradistinction to the 
above mentioned substances, they have a 
tendency to harden the liquid aldehyde 
condensation products in the cold. This 
involves the drawback that the said 
esters, when mixed with the latter sub- 
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stances, cannot be stored for long periods. 

The present invention is based on the 
observation that a certain group of aro- 
matic compounds has no hardening effect 
on the liquid formaldehyde condensation 
products at ordinary temperature, so 
that these compounds can be stored also 
in admixture with the said condensation 60 
products for long periods before the addi- 
tion of the powder containing a hardener. 

Compositions capable of hardening 
rapidly in the cold, which have been pre- 
pared with addition of those aromatic 
compounds, yield masses which, have a 
high chemical resistance especially to 
cold alkali lyes, piperidine, pyridine, 
pyrrole and other organic bases, as weli 
as to fatty acid esters of aliphatic 
alcohols. Such compositions can be used, 
for instance, for jointing brick work or 
for lining or coating vessels, conduits, 
Tiipes or the like, which come into con- 
tact witlf acid liquids or the aforesaid 65 
chemical agents. 

According to this invention, therefore, 
compositions capable of hardening 
rapidly in the cold to yield chemically re- 
sistant masses are made by mixing a 
powder containing a filler and a harden- 
ing agent (as hereinafter defined) with a 
liquid mixture containing a liquid con- 
densation product obtained by condens- 
ing in an alkaline medium for form- 
aldehyde and at least one mononuclear 
monohydric phenol and also containing 
at least one aryloxy compound obtained 
by the reaction of a phenol with chlorin- 
ated aliphatic alcohol. 

Depending on the purpose for which 
the final hardened masses are to be used, 
tne quantity of the powder may range 
from about 1 — 3 parts by weight to every 
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1 part 1 1 v w * • i « ; 1 1 i of ti«|iii<l ii;u m 1 I'm- m;ik 
i n;v I iii' | >■ i a ti 1 . 

Tlln rnndclisal inn produels <i| form 
aldehyde Willi mo no line lea r mnnnhyd rie 
5 phenols, lor instance, phenol itself 
(C..H, (HI), M i o isomeric crcsnhi or 
\y|enn|s, and :i Iiovi* c.nui hum | mi\- 
f inv:; of crcsnls or ol xylennls, j ( ro pre- 
pared in 1 1 ■ « i 1 1 m 1 1 1 1 1 manner in l.he presence 
U) of ;in alkaline ca ta lyst, fur iiialnnce, 
caust ic soda solution, nml I he propori ion 
of formaldehyde (o phenol used advan 
i ageousl y ranges- from nhout 1:1 l<» 
ahoul. 1.8:1. Tim preferred proportion 
15 nine's from ahoul, I .4 : I to ahoul, I .(> : 1 . 
In some rases, however, a proportion 
1.2:1 may ho a<Iva ni iigcnua. 

Tim preparation of tin* condnnsa I ion 
products from fonnaldch vdc and mono 
20 nuclear monohydric phenols in an 
alkaline medium may he carried mil, for 
example, as follows : 

55 parts by weight of phenol are intro- 
duced into 14 ports hy weight of n caustic 
25 soda solution of 42 per cent, strength ul 
about 70° C After cooling I" about 
35. 40" ()., 100 parts hy weight of n 
formaldehyde solution of 30 per coot, 
strength urn run in, and I he whole i* 
30 maintained at thai temperature for about 
2- — 3 days. The whole is then neutralized 
by the addition of 34 purls by weight of 
crude hydrochloric acid of 20 per cent, 
strength, while cooling with ice, the tem- 
35 peruturo not being allowed substantially 
in exceed ul)out 40" 0. After 3 hours, the 
wenkly noicl mixture is allowed to separ- 

o.n.on + tm t c\ — icii(oii)— chjci - i 

Such aryloxy-compounds uro prepared, 
for instance, by heating for 2 hours 

70 under reflux 108 parts by weight of para- 
cresol with 129 parts by weight of di- 
chloropropanol or 92.5 parts by weight 
of epichlorhydrin and 40 parts by weigh* 
of NaOH powder, and distilling the aryl- 

75 oxy-compound formed under reduced 
pressure. 

By the addition of one or more of these 
aryloxy-compounds to a liquid form- 
aldehyde condensation product of the 
80 above kind, liquids are obtained which 
are used for pasting with the powder in 
making the compositions capable of 
hardening rapidly. The masses produced 
by the hardening of these compositions 
85 have an extraordinary chemical resist- 
ance which by far surpasses that result- 
ing from the known addition of aliphatic 
esters alone. 

In some cases it may be of advantage 
90 to add, besides the above mentioned aryl- 
oxy-compounds, neutral aliphatic esters 
of inorganic acids, which have no hard- 



;i f i 1 info layers, (he re. in layer i ; uashrd 
Willi wa.lcr, while si in in;; mid renewed 
separation iulo layer.;, and |he mixture i. 40 
adjured In a pll \alue ol i S hy l lie 
addHion ol catistie soda :,ol nl ion . 

Especially good result-, can he ohlained 
hy using the urylnxy I'ouipound in a pro 
portion ranging from ahoul I ► JW> per 45 
cent. <m the weight of I lie I orum ldch\de 
condensation product. Proportions out 
aide these limifs are, Iin\ve\er, nUo use 
fill. 

The ary loxy-conipounds hit ohlained 50 
hy condensing at less! one tuoutiliyilrie 
phenol with af least one ehloriuated ali 
phatic alcohol in an alkaline medium. 
As phenols Ihere may he lined, for in 
stance, phenol ilself (( *,.! ! <|( ) 1 1 >. (he iso J)5 
meric c.resols or xylcnols, » unphllml or 
/i-uuplltlml. As chlorinated aliphatic 
alcohols there come info consideration, for 
instance, 1 : 3-dichlnroprnpiinol, cpiehlnr- 
hvdriu and tertiary dichlnro isohulyl t$0 
nlenlml of the formula : 

CI 



CI MM r oir 



Such an nryloxy-eom pound is olilained. 
for example, hy alkaline condensation of 
dichloropropanol with phenol according 06 
to the empirical equation : 

o— ciry,— cir(OH)— cm.oi + irci 

ening effect and which have already been 
proposed for use as the sole addition. 
The proportion used range from about 5 96 
— 25 per cent, on the weight of the form- 
aldehyde condensation product. As addi- 
tions the following substances come into 
consideration : TTydrochloric acid esters 
of aliphatic alcohols or halogenated aide- 10( 
hydes, for example, dichloropropanol, di- 
chlorhydrin or ethylene chlorhydrin : 
and the corresponding phosphoric acid 
esters such as triethyi phosphate or tri- 
m ethyl phosphate. 10f 

Moreover, it may be advantageous in 
some cases to add also aldehydes, for in- 
stance, formaldehyde, acetaldehyde or 
benzaldehyde either alone or mixed with 
each other. These aldehydes are added in Hfl 
liquid form to the liquid resin mixture, 
or where obtainable, in the form of 
powders, such as paraformaldehyde or 
paraldehyde, to the mixed filler-hardener 
powder. 115 

In some cases these aldehydes may he 
added in one and the same batch to the 
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powder and also to ±he resin mixture. The 
quantities of the added aldehydes range, 
in general,, from about 5 to about 10 per 
cent., calculated on the weight of the 
5 formaldehyde condensation product. 

The term " hardening agent " or 
4< hardener " iB used herein to- mean a 
hardening agent for liquid phenol form- 
aldehyde condensates obtainable by con- 

10 densation in an alkaline medium of form- 
aldehyde with at least one mononuclear 
monohydric phenol. As hardening agents 
of this kind there are usedr in the present 
invention agents capable of effecting 

15 rapid hardening in the cold, such as acid 
or neutral persulphates, titanium sul- 
phate, metal dioxides having a neutral re- 
action to water, such as lead peroxide or 
manganese dioxide; or aromatic sulpho- 

20 chlorides, such as para-toluene sulpho- 
chloride, /3-naphthalene sulpho-chloride, 
or aralkyl chlorides or aralkyl sulphates, 
such as dichloromethyl metaxylol or di- 
benzyl sulphate, naphthalene disulphonic 

25 acids, and especially 1 : 5 -naphthalene 
disulphonic acid and it is to be under- 
stood that the hardening agents used in 
the present invention do not include alde- 
hydes. The^ mixed filler-hardener powder 

30 may contain one or more of the above 
hardening agents in any desired admix- 
ture with' one another. 

The powder also contains one or more 
inert fillers of the kind known to those 

36 skilled in this art, such for instance, as 
quartz powder, barium sulphate and 
especially fillers of good thermal conduc- 
tivity^ such as natural or artificial 
graphite, silicon or silicon compounds 

40 such as silicon carbide. 

The powder is prepared by simply mix- 
ing the ingredients together. 

The compositions capable of harden- 
ing _ rapidly ^ in the cold to yield 
4.5 chemically resistant masses are obtained 
by mixing a powder, containing at least 
one hardening agent (as hereinbefore de- 
fined) and at least one filler, with a 
liquid containing at least one aryloxy- 
50 compound of a monohydric phenol and a 
chlorinated aliphatic alcohol, and 
also a liquid condensation product 
obtained by condensing formaldehyde 
with a pflienol in an alkaline 

56 medium, and ^ if desired, contain- 
ing a neutral aliphatic ester of an in- 
organic acid. 

The composition may be made up in 
two separate parts which are mixed to- 

60 gether immediately before use, one part 
consisting of a powder containing the 
hardening agent and the filler and the 
other part comprising the aryloxy-com- 
pound and the liquid condensation pro- 
65 duct, and if desired, a chlorinated ali- 



phatic alcohol. 

The following Examples illustrate the 
invention, the parts being by weight ; 
Example 1. 

7 parts of finely powdered 1 : 5-naph- 70 
thalene disulphonic acid are mixed with 
93 parts of heavy spar. The powder thus 
obtained is pasted with a liquid, consist- 
of 30 parts of a liquid phenolformalde- 
hyde condensation product, pre-condensed 75 
in an alkaline medium and prepared from 
formaldehyde and phenol in the ratio of 
1.4:1, and 10 parts of the aryloxy- com- 
pound prepared by condensing 1 : 3-di- 
chloropropanol with phenol in an alkaline 80 
medium. 

Example 2. 

10 parts of finely powdered para-tolu- 
ene sulpho chloride are mixed with 90 
parts of graphite powder of the kind used 85 
for carbon electrodes. The resulting 
powder is pasted with a liquid consisting 
of 30 parts of a liquid condensation pro- 
duct, pre-condensed in an alkaline 
medium, from formaldehyde and a com- 90 
mercial xylenol mixture in the ratio of 
1.6:1, and 5 parts of the aryloxy-com- 
pound obtained by alkaline condensation 
of epichlorhydrin and para-cresol. 

Example 3. 95 

6 parts of finely powdered para-toluene 
sulphochloride and 4 parts of 1 : 5-naph- 
thalene disulphonic acid are mixed with 
90 parts of heavy spar. The resulting 
powder is pasted with a liquid consisting 100 
of 30 parts of a liquid cresol-f ormalde- 
hyde condensation product, pre - con- 
densed in an alkaline medium and pre- 
pared from formaldehyde and para- 
cresol in the ratio of 1.2:1, and 3 parts 106 
of the aryloxy-compound obtained by 
condensing in an alkaline medium /3- 
naphthol with tertiary dichlorisobutanol 
of the formula : 

CI 



01— H 2 C— C— OH 110 



Example 4. 
6 parts of 1 : 5-naphthalene disulphonic 
acid and 2 parts of /3-naphthalene sul- 
phochloride are mixed with 93 parts of 
artificial^ graphite powder. The resulting H5 
powder is pasted with a liquid mixture 
consisting of 30 parts of a liquid conden- 
sation product, pre-condensed in an 
alkaline medium and prepared from 
formaldehyde and a commercial xylenol 120 
mixture in the ratio of 1.5 :1, 3 parts of 
dichloropropanol and 2 parts of the aryl- 



n\y compound obtained h.V colidcnMli;- 
1 ; ,i i| ii |i loropi npn tuil Willi para i -ri-.nl in 
it ii 11 IL ii I i tic iimmIi il m . 

K\A M I 'IK i» 

•, r , |() parts ol" (iricly powdered para U>lu 
cite [.ulphnchlnrido are mixed with !)(> 
part i of linely ground rulriiird eleflrudr 
carbon. The powder .so obtained is pa. lid 
Willi a liquid consisting «d" '10 pails ol a 

10 liquid fimdf m:ul1 ion producl, pre-enn 
donsed in mi alkaline medium :md pre- 
pared from formaldehyde ;il»d phenol in 
|| H . molecular ratio of I .(i : I , and It) pails 
n f Ihr nrylosy compound obtained by 

IS condensing I : \'t - dichloropropnnul Willi 
plifnol in an nlkaliiif medium. 

M\ A M.I"IjH (>. 
purls of I : Ti-Tiupli I hu l«wn* disul- 
plmnif arid and 2 parts of /f mi phthnltuie 
20 sulphoehloride are inixfd wil.li purls 
of gruphile powder. The powder ho oh 
lainfd is pasted with a liquid consisting 
of II) parts of a liquid c ondc nsat .inn pro- 
duct, pro-condensed in an alkaline 
20 medium and prepared from formaldehyde 
and phenol in the nioleenlar rutin of 
1.7:1, 15 parts of a. liquid condoiisul inn 
product., pre-condensed in an alkaline 
medium and prepared from formaldehyde 

M(J and a eommereial xylenol mixture in the 
molecular ratio of 1 .8 : 1 , ;') purls of an 
uryloxy-eompound obtained hy condens- 
ing para-cresol with diehloropropanol in 
an alkaline medium, and 5 parts of an 
35 a ryloxy-com pound obtained hy eondens- 
i ng phenol with epiehlorhydrin in an 
ulkuliuo medium. 

EXAMPLK 7. 

10 parts of para-toluene sulphoehloride 

40 uro mixed with DO purls of heavy spur. 
The powder so obtained is pasted with a 
liquid consisting of 10 parts of a liquid 
condensation product, pro-condensed in 
an alkaline medium and prepared from 

45 formaldehyde und phenol in the molecular 
ratio of 1.6:1, 20 parts of a liquid con- 
densation product, pre-condensed in nil 
alkaline medium and prepared from 
formaldehyde and a commercial mixture 
50 of isomeric cresols in the molecular ratio 
of 1.4:1, 3 parts of an nryloxy-oom- 
pound obtained by condensing in nil 
alkaline medium phenol with tertiary di- 
chlorisohutyl alcohol, and 2 parts of tri- 

55 ethyl phosphate. 

Example 8. 
100 parts of a liquid condensation pro- 
duct produced hy alkaline condensation 
from formaldehyde and phenol 

60 (CerT-.OH) in the molecular ratio of 
1.3 : 1 are mixed with 15 parts of the aryl- 
oxy-compound obtained by reacting epi- 
ehlorhydrin with para-cresol in an alka- 
line medium, 5 parts of benzaldehyde and 

65 10 parts of glvcol-ehlorhydrin. The mix- 



lure obtained is used tin ni.iKinj' ,i paste 
willi :i powder eon.;i.lin;» ol 110 pari, <if 
nrtilidal graphite powder, o pari., of 
pa r:i forma Ideh yde ami .> parti ol" !:•'»■ 
naphthalene ilisul jdion if n<ul Willi Hid 71 
parls of llif powder ahoul HI) purl i ol |hf 
aho\e I'qnid a if required. 

I)iir co pending Application No. 
LMH7- 1 /;">() (Serial No. 702,117.; dc-.erihes 
and claims the in a n u laid u re id' tiimpu.i Jf 
linns capable of hardening rapnllv Hi (lie 
cold to yield chemically resistant ma-. c;, 
which comprise at lead one lui I dcu i uj{ 
agent, tor liquid phenol forma Idchy de 
condensates, at least- one liller, furfurul 8(1 
n ml a liquid condensation pniducl oh 
lained hy condensing t'orina Ideh \ de with 
nl least one mononuclear nionohvdrie 
phenol in an alkaline medium, and which 
may also contain at least one substance Hfc 
capable of increasing* the ehfinifnl re 
sistanee of the hardened phenol form 
aldehyde resin; and if is to be understood 
(hat the use of furfurol in the composi- 
tions of the present invention is e\ IX! 
pressly excluded. 

Subject to the foregoing disclaimer 
what we claim is : — 

1. A composition capable of linrdcninir 
rapidly in Hie fobl to yield chemically 91 
resistant masses, which composition enm- 
nrises at least one hardening ageni (as 
hereinbefore defined), at least one tiller. 

at least, one n ryloxy-eom pound of a niono- 
hvdrie phenol and a chlorinated aliphatic 10 
alcohol, and a liquid condensation pro- 
duct obtained by condensing in an alka- 
line medium formaldehyde with at len-d 
one mononuclear moiioliydrie nhenol. 

2. A composition ns claimed in Claim I, 10 
which also contains at least one aliphatic 
ester of an inorganic acid. 

•3. A composition as claimed in Claim 1 
or 2, which also contains at least one 
aldehyde such, for instance, as form- 11 
aldehyde, acetaldehyde, benzaldehyde, 
pnra forma Id ah yde or paraldehyde. 

4. A composition as claimed in Claim 1, 
2 or 8, wherein the liquid condensation 
product has been obtuined hy condensing 111 
in an alkaline medium formaldehyde with 
phenol itself <C r .H 5 0H). 

5. A composition as claimed in Claim 
1, 2 or 3, wherein 'the liquid condensa- 
tion product has been obtained by con- 12 
densing in an alkaline medium " form- 
al deliyde with a commercial mixture of 
xylenols. 

6. A composition as claimed in Claim 1 , 

2 or 3 wherein the liquid condensation 121 
product has been obtained by condensing 
in_ an alkaline medium formaldehyde 
with para-cresol. 

7. A composition as claimed in any one 

of Claims 1 — 6, wherein the liquid eon- 13( 
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densation product has been obtained by 
condensing- the formaldehyde with the 
phenol in a molecular ratio ranging from 
about 1 : 1 to about 1.8 : 1, and preferably 
5 from about 1-4 :1 to about 1.6 : 1. 

8. A. composition as claimed in any one 
of claims 1 — 7, wherein the proportion of 
the aryloxy-compound ranges from about 
15 — 35 per cent, on the weight of the 

10 formaldehyde condensation product. 

9. A composition as claimed in any one 
of claims 1 — 8, wherein the aryloxy-com- 
pound has been obtained from para- 
cresol and 1 : 3-dichloropropanol. 

15 10. A composition as claimed in any 
one of claims 1 — 9, wherein the harden- 
ing agent is 1 ; 5-naphthalene disulphonic 
acid or para-toluene sulphochloride. 

11. A composition as claimed in any 
20 one of claims 1 — 10, wherein the filler is 

heavy spar or graphite powder. 

12. A composition capable of harden- 
ing rapidly in the cold to yield a chemic- 
ally resistant mass, which composition 

25has been made substantially as described 
in any one of Examples 1—8 herein. 

13. A process for making compositions 
capable of hardening in the cold to yield 
a chemically resistant masB, which com- 

30 prises mixing at least one hardening 
agent "(as hereinbefore defined) with an 
inert filler and mixing the resulting 
powder with a liquid containing at least 
one aryloxy-compound of a monohydric 

35 phenol and a chlorinated aliphatic 
alcohol and also containing- a liquid con- 
densation product obtained by condensing 
in an alkaline medium formaldehyde 
with at least one mononuclear mono- 
40 hydric phenol. 

14. A process as claimed in Claim 13, 
wherein the liquid condensation product 
has been obtained by condensing the 
formaldehyde with the phenol in a mole- 

45 cular ratio ranging from about 1 : 1 to 
about 1.8:1, and preferably from about 
1.4:1 to about 1.6:1. 

15. A. process as claimed in claim 13 
or 14, wherein the liquid condensation 

50 product has been obtained by condensing, 
m an alkaline medium formaldehyde 
with phenol itself (C 0 H 5 0H). 

16. A process as claimed in claim 13 
or 14, wherein the liquid condensation 

66 product has been obtained by condensing 
in an alkaline medium formaldehyde 



with a commercial mixture of xylenols. 

17. A process as claimed in claim 13, 
Or 14, wnerein ±he liquid condensation 
product has been obtained by condensing 60 
in an alkaline medium formaldehyde 
with para-cresol. 

18. A process as claimed in any. one of 
claims 13 — 17, wherein the proportion of 
the aryloxy-compound ranges from about 65 
15 — 35 per cent, on the weight of the 
formaldehyde condensation product. 

19. A process as claimed in any one of 
claims 13 — 18, wherein the aryloxy-com- 
pound has been obtained from para-cresol 70 
and 1 : 3-dichloro-propanol. 

20. A process as claimed in any one of 
claims 13 — 19, wherein the liquid also 
contains at least one aliphatic ester of an 
inorganic acid. 76 

21. A process as claimed in any one of 
claims 13 — 20 wherein the liquid also 
contains at least one aldehyde in the 
liquid state, such, for example, as 
formaldehyde, acetaldehyde and benz- 80 
aldehyde. 

22. A process as claimed in any one of 
claims 13 — 21, wherein the hardening 
agent is 1 : 5-naphthalene disulphonic 
acid or para-toluene sulphochloride. 86 

23. A process as claimed in any one of 
claims 13 — 22, wherein the filler is heavy 
spar or graphite powder. 

24. A process as claimed in any of the 
claims 13 — 23, wherein the powder also 90 
contains paraformaldehyde and /or par- 
aldehyde. 

25. A process for making a composition 
capable of hardening rapidly in the cold 

to yield a chemically resistant mass, con- 95 
ducted substantially as described in any 
one of Examples 1 — 8. 

26. A modification of the composition 
claimed in any one of claims 1 — 12, in 
which the composition is made up in two 100 
separately packed parts to be mixed to- 
gether prior to use, one part consisting 

of a powder containing the hardening 
agent and the filler and the other part 
comprising ±h'e aryloxy-compound and 105 
the liquid condensation product, and if 
desired, a chlorinated aliphatic alcohol. 

ABEL & IMEAY, 
Agents, 

Quality House, Quality Court, 
Chancery Lane, London, W.C.2. 
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